€ OOV sVl - - 7L
LA-UR -80-172

TITLE: IMAGE PROCESSING APPLICATIONS IN NDE

AUTHOR(S):  Roger A. Morris MASTER

SUBMITTED TO: Society of Photo-Optical Instrumentation Engineers,
Los Argeles, CA, February 6-7, 1980

DIBCLAMEFA —

By scoaptance of this article, the publisher recognires that the
U.5. Governmant retmns a nonexclusive, royaity:-fres licsme
10 pubinh or reproduce the publahed torm of thh contilbu-
tion, or 10 sllow others 10 do 11, for U.B. Government pur-
Poses

The Loy Alamos Scientific Leborstory requmts that the pub-
hgher wientty this aticle s work performed under the sus-
nem of the US. Depaniacnt of Energy.

.g
c
| .
(o)

=

o

Q

Yo,
(o]
>
—
Y
[}
2>
c
-

LOS ALAMOS SCIENTIFIC LABORATORY

Post Oftice Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Opportunity Employer

Form No, 838 RJ UNITED PTATES 7
8t No. 2620 DEPARTMENT OF ENEROY
1278 CONTRACT W-7408-ENG. 38 ST 4y i DICUMENT 18 UNUIMITRD


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


270-25

Image processing applications in DR
Regerr A. Morris
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Introductic.n

Nend-ctruetive exanination (NHLE) ean be deflned ae o teshnh] jue 2r ecldlectlon off o=
niques that permits one to determine some property - a materlial or obleel wlthout d . -T.
the otjceect. There are a larpge number of such techi!quer and mect of ther use visunl - in
in one r'oerm or another. They vary frem holographl: Interferamctry where dispisechents ann i
Btresc arce meacured to the visual inzpection of an b Jeets rapface co deteet cpacis ol o
penctirant hac been applied. The use of dmape precoecing vecbnd jues o thes Tmoemes 1 So0 i,
ok 1 malatlvely new and can be Jdivided Intd three peneral onteporlee.,

1. "lassicecal ltiu"v enhancenent.

.« “vnsuration techniques.

3. wuantitatlye scneltometry.

Rather than pretoent o series of dislointod exnid.l1ea of each of the teeln ! e, 1 owia:
nstead take one "product®™ produced Ly the Lo Alans Seluentifle Laborat.ory and at'eppt b
chew how Inogys: proceesinge teehnlgues are used o ponl atpust Pvely nnd dertvoacy leely o0 o
produst throuphout its 17fe eyclu, 1 reaullise that | w!ll stray Gublefde tne Lounde”™ 00
Lut I Sl the underrtanding of how imae procespine ean inpa-~t the manaf'acturs Snd u.o- 1l
an obJuat out welphio the 1lberties 1 wlll take. The "proaduect™ that w111 Le followe b 5L L
mieralalleon target ured in the larcr facion proeram. The lacer tarpct Ioo oo oenil
(LO=ldopm) dtamoter Plane Gphere with vty leal wnld tLlekness A8 o0f to U uthe Shes g he s Lo
be uSed -0 .o oo may bLe glyven a number o efatlne, ¢ ooy naaar o0 mate e inle,

Without ecing Into the magqafacturlns proeces, Cod'Tlee Lo ooy tes® the beads o ..
j¢deeed by ke milldone And the FIrst noncbrtracst e et 1o v soparate the ol vloasiy 1o
e s threken o Incomplete) from the posd anes,e S thle v oo ey, e o o1 e L
rat L dnspected for spheroelty and wall thlekpess wldfepmity.s Phla 1o e lehea 1
Eloeromcalerreal by ang virible et dnterferamet ey, The analyels of the mtereratlorrap e

nute 1S a perfect exanple of lmype procccelng of the quantltative sencitomnetey cualoes e

The m!vr.rudlonrnrhy sr the plic, uncsatod Lol s perfepre d o b Gpetlally ded e
1. wevhersy M=ray machinell).  the beada are mountel inoa cpecial Jipe e pin e cnoa b
hiyh redclut Von plate fna veauum chambier that cent aing the xeray cource.  The X=pray 1" o

It omade with, on ey 1ens that @ keV oand the e 0t e Imaees are then Inepe ctoedd ot oo -
niry e tep o 00 te 1000X. Fleeure 1 dllustraton oome typlenl resuits, Flpure 1o 1o e
Iraire of n ooty Lead and Pl 10 e thew o o pesinec iy 9= 0 1 bead,

Pl I Kby e off defoet ive beml Flre 1 RBadbeo s e ot poad Gt
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From thils imapc, acrurate measurement: must be made of:
1. er~entricity of the spherical surfaces,

2. noncphericeity of elther of the walls, and

3. 1lumps and/or thin spots.

Whitman ¢t al(2) have developed tecchniques that praduce quantitative ertimatos o U
threv paramelers by scanning each radlopraphic Imapc ucinge a8 2 ym x 2 um aperaturce in .
microdenalt smeter stepping 1 ym in a raster pattern.

The cecentrieity 1s measured by c .cula'ing a rumbker that represents the scynsets, o
the radlopr:; hlc Imape about some: deflned eviter, The azymmetry 1r empirieally ploite
ajainat eceentrlelty using eomputer pencrated models., Usinpg th'rs technique, Whitnoan ot~
mates theit an ceeentricity of 0.02 wm can be :etectrd Letwoeen the Lwo surfaces ol 7 5. .m
diam sphere. The accuracy of the method deypvnds ceriltleally on the sice and =—aterlal o th.
bead, the enerpy of the x-=ray beam and the wall thisknecsz.

Detection of eiliher ronsphericity or local inhomopericitic: Jepends upon detostin
allens In optlcal density from an averape for that partlcul:y deifvet type,.  Nonvp-hesld

typleally 1s detectoed by taking three !dentical radiopraphs Lut at three angular or!.
tlons., The optical denslty at the center of each rallegraph 1z meusured and any “1.11 i
alfMtepe e s eanse for rejeatisn,  The ertteria gee! for 10';*1'-n 15 the statiet 1ol T
teat s Deteetlng and reJeetlny I1eaal Inuhomoymunelties 1 slmilar to deteeting neonspherdod:

but the vompletle Imupe arca le seannedl and comrared te a nare. Apmaln the statidstacal 4 b.
1o wowld I'er reJection. The precvicslon of the mothicd allower 0 ~nl defect and nonasdariciny

\rmeasuieel as a difference in x—ray path lenesth) te Lo measured as 1+w as .ds5 un.,

ﬁxiiorr-phv 1z 21s0 performed on Lthe coated beads but at a nmuch Ligher cnoeryey - 0

Se ey iten pudpose ol thao Inspestian Ie to g, e b ear bl ne, T AL L -
;_.ul_d Ly nAalysdnge the micreradiopraph: oo Mod: o 17708 el oo .'ﬁr analyrer. 40t
wodis a fhe same material as the coating 18 radiepraphed witl the tead.  The optloa A=
sty In the ceniter off the bead Is compared with the -ptical dnnrily P ctop we s abi

the aeuble wall ceatins thlckness 13 ealeulated. The color lteliy Soatures o f the atniyy
o alse ured 18 estinnte the uniformity ef the wali thlecwnoss

Interferor ey 1o the primary means of Inspeect !nr the plas: beads for wall thl e oo,

wiasl eonfuorniily, and wall spherccity prior tc roatln-,  The beads are Indlvidualiy o
ror these three conditions under a miecroscoape.  Flpwre P fl1lusntrates o typical Lo,

Flge 0 interfepoprsm of head,

»ocomueh far the nemdesteuct Jve applteat lobs of lmagese parcee ,,..ln, v The lazt twe o ame .
tl. Lwlll dirvas: are mere propeprly tnegss peneeat fon teehntapes aned ars uged Gy e e v
=1 |" Aotrer Forme] when the 2phere tn tmptecded wWith o n lager tear, fendm e V8 0t ol an

P Vo 1 0 he wie o voddesl apeeature et lige for P applieat lon,

Moy Ta
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BEacically the ldca in coded apcrature imaging I3 to form 5 large number of pinkils
tmages cf a lumlncus scene. The multitude of image: is recorded on film and the erdxinal
svene recchsiracted using a micsrcdennitometer to convert the optlral denaity to dlpital forn
and then reeconstructed using a Lbalanced correlation rethod. The advantapres ¢f the 2240
aperature apprcach over a conventlional plphole 15 the lnereased signal-to-ncire patl- atl Lhes
game ancular recolution. Figure 3 1llustrates schiemailcally the approa-h taken in Lhis typo
of imapzluyes.  An additicnal advantage cf using the c¢oded ajcrature ls the availab!ility -0 Lhe
derth 7 ifcrmaticn that In prineiple is avallable tc the experimenter, Reference b4 deezzrlibes
the j:ovess 1o mueh nore detall.,

Flye 3. Schemat Lo off URA prrocen e, Plye, o, fivelcoal anitoemdy rediacas o,

Fhrure b 1]1lustrates o typleal uniformicy reduno it averature GEA) while P, L 0w
parci the tiggre formed by A 29 pm rink 1o and o UES legys - an loplodine bead, Kot Low
Juveprabdy E“' two dmapes compare. Tt iy, the TRA Tmage recelved approxtmately 1o e e
Phot e "ume 1o the brlghtest opoat than the pinhele Inegs .

igs Yo Plnbile Leegse YRA O Tmagee.

Th? {u;\ vy tngy teehinlque 1owlh b aliteuss oo adagptat Yo o f coppuaerla botameseag iy,
SIS A HT) vroql have develepo an sleorithin that pecoastructn a erosp anstion " e
w=vud brelpeht tareet uringe pinhole (or reconm riet ed coded apeprature) data,

Thee comput epr eome Wy baged on the pXsum cntropy alporithn uslng Sour independent
Viewn P the oueeee, WE L this small number of viess, the problem s known to be Dnedets p-
minant , Ve, there fo oan Anrfinite number of ponszible aouree dinteibut lope vhat apgree vt L
the S vrured proJeotion data,  The paximam entreepy alperlithm eelectn ae the bent goures
Attt bon thnt oke that g the mest "prabab e et fense that 1t has the 1eant tufh r-
pat for content (maximur. sntrop ) of' all the poasivle dieteibut Lone,



The dzts 1s collected with four pinhcle cameru.: arraycd &b G0% intervols arcund i
implading sphere. The pinholes are 20 ym diam and are covered with 12 wm beryilium £20i 0
block out all photors with an enerpgy below 1 kV. The peomerry was auch as to flve 2 & i-
f{cation ratio of 9 and an object rusciutlzn of 11 u:i.

These examples 11llustrate how image pracessii- *c2hrniques are arrlicd tc Just cne -1~
entitrl: propram at the Los Alamos Scilentifle Lat ~r-t wpy. Tiey are ured nct only 2uarin- L
manufasturln. phase when nondestrantive testdng me': s nre applied buv =2lel durine ool -
tive testing of the Leads. As imape processing tecl:lques Leecome better knewn ond doeve o=
or<d, they are Leing applied more and more to gencla.-- more quantititive nondesiruct)y--
testing results,
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